Abstract To investigate whether abdominopelvic hemorrhage shown on computed tomography (CT) images can be diagnosed with the same accuracy on a tablet computer as on a dedicated reading display. One hundred patients with a clinical suspicion of abdominopelvic hemorrhage that underwent biphasic CT imaging were retrospectively read by two readers on a dedicated reading display (reference standard) and on a tablet computer (iPad Air). Reading was performed in a dedicated reading room with ambient light conditions. Image evaluation included signs of an active hemorrhage (extravasation of contrast media) and different signs indicating a condition after abdominopelvic hemorrhage (hematoma, intestinal clots, vessel stump, free abdominopelvic fluid with a mean Hounsfield unit value >20, and asymmetric muscle volume indicating intramuscular hemorrhage). Sensitivity, specificity, and positive and negative predictive values (PPV/NPV) were calculated for the t ablet-based reading. Active abdominopelvic hemorrhage (n=72) was diagnosed with the tablet computer with a sensitivity of 0.96, a specificity of 0.93, a PPV of 0.97, and an NPV of 0.90. The results for the detection of the signs indicating a condition after abdominopelvic hemorrhage range from 0.83 to 1.00 in the case of sensitivity, from 0.95 to 1.00 in the case of specificity, from 0.94 to 1.00 in the case of the PPV, and from 0.96 to 1.00 in the case of the NPV. Abdominopelvic hemorrhage shown on CT images can be diagnosed on a tablet computer with a high diagnostic accuracy allowing mobile on-call diagnoses. This may be helpful because an early and reliable diagnosis at any time is crucial for an adequate treatment strategy.
Introduction
Abdominopelvic hemorrhage is a potentially life-threatening situation. An early and reliable diagnosis is crucial for adequate treatment and patient survival [1] [2] [3] . In the case of suspected abdominopelvic hemorrhage, algorithms suggest the prompt performance of computed tomography (CT) angiography after the stabilization of the patient [3] . Depending on the findings, the appropriate treatment option is determined. If active hemorrhage is evident, immediate hemostatic procedures are recommended. Possible procedures are surgery, esophagogastroduodenoscopy (EGD), or angiography. An expert radiologist may not always be present when an active hemorrhage needs to be ruled out or when treatment options need to be discussed. Whenever the radiologist on duty is uncertain about the diagnosis, he/she should be able to discuss the case with an expert. Previous studies have shown that the display quality of tablet computers is sufficient for teleconsultation purposes in various emergency imaging procedures [4] [5] [6] . Interestingly, no study has investigated the diagnostic accuracy of detecting abdominopelvic hemorrhage on a tablet computer yet. Reading the studies on a tablet computer would facilitate mobile on-call diagnoses which might be helpful for a quick and reliable diagnosis and for treatment strategy.
Therefore, the aim of this study was to investigate the diagnostic performance of biphasic CT exams displayed on a tablet computer in detecting active abdominopelvic hemorrhage and different signs indicating a condition after hemorrhage compared to using a dedicated reading display.
Materials and Methods
This single-center investigation was approved by the institutional review board of the University Hospital Erlangen, and all procedures were in accordance with the Helsinki Declaration. The need for informed consent was waived.
Patients
We retrospectively collected 100 patients that had been referred to our Department with a suspected abdominopelvic hemorrhage and that were examined with a biphasic CT scan (arterial and portal venous contrast media phases). We searched appropriate patients using our radiological information system (RIS, iSOFT, Mannheim, Germany). Exclusion criterion was an incomplete CT examination. The results obtained using a dedicated workstation/reading display served as reference standard to diagnose active abdominopelvic hemorrhage.
Computed Tomography
CT was performed with 20, 64, 128, or 256 row scanners (Somatom Definition AS20, Somatom Sensation, Somatom Definition AS+, Somatom Force, or Definition Flash, Siemens AG Healthcare, Forchheim, Germany) using power injectors (Accutron CT-D, Medtron, Saarbrücken, Germany) for intravenous contrast media application (Imeron 350, Bracco Imaging, Milan, Italy). The arterial phase was identified by test-bolus measurements; the portal venous phase was set at 70 s after start of contrast media injection.
Image Interpretation
The CT exams were read consensually by two readers in two reading sessions (RS1 and RS2). All CT exams were assigned to both RS. Readers had a work experience of 9 and 5 years. Readers were blinded to the patient's name, gender, and date of examination. All information provided to the readers was that the referring physicians suspected an abdominopelvic hemorrhage due to clinical circumstances like decreasing concentration of hemoglobin in blood tests or demanding need of catecholamine in intensive care patients.
CT exams were read with a Digital Imaging and Communications in Medicine (DICOM) viewer (syngo.plaza, Siemens AG Healthcare, Erlangen, Germany) running on a workstation with a dedicated reading display (standard setting) as well as with a DICOM viewer (OsiriX HD, Geneva, Switzerland) running on a tablet computer with a 9.7-inch screen with a resolution of 2048×1536 pixels at 264 pixels per inch (ppi) (iPad Air, Apple Inc., Cupertino, California, USA). The display connected to the workstation was a 30-inch screen with a resolution of 3280 × 2048 pixels at 127.32 ppi (Coronis Fusion 6MP LED (MDCC-6230), Barco, Kortrijk, Belgium). Detailed specifications of the screen of both devices are shown in Table 1 . For standardization, the display brightness of the tablet computer was set to 100 % in the menu of the operating system (iOS). Both DICOM viewers offered the same evaluation tools like magnification of images and windowing or measuring of Hounsfield units (HU). Reading was performed in a dedicated reading room with ambient light conditions.
To avoid case recognition and the influence of a training effect, the 100 exams were randomly clustered in two groups and read on the two devices with an interval of 14 days. Patient group 1 (n=50) was read on the dedicated display and patient group 2 (n=50) was read on the tablet computer. Fourteen days later, the groups were read on the other device, respectively (study procedure is shown in Fig. 1 ). To gain a statistical evaluable dataset, a custom-made evaluation form was used (Fig. 2) , asking for direct and indirect signs of abdominopelvic hemorrhage. An active abdominopelvic hemorrhage was stated if an extravasation of contrast media extraluminal or intraluminal was observed. Signs of a condition after abdominopelvic hemorrhage were registered with hematoma, free fluid, asymmetric muscle thickness, clots, or vessel stumps. All answers were registered either with present (=1) or absent (=0).
Statistical Analysis
Statistical analysis was performed using dedicated software (SPSS Statistics v20, IBM, Armonk, USA). Sensitivities, specificities, and positive and negative predictive values with corresponding confidence intervals were calculated for the detection of active abdominal hemorrhage (= contrast media extravasation) and for the detection of different signs indicating a condition after hemorrhage with a tablet computer. The diagnoses done with a dedicated reading display were considered to be the reference standard.
Results
Image quality was satisfactory in all CT exams.
An active abdominopelvic hemorrhage was found in 71 CT exams on the tablet computer and in 72 exams on the dedicated reading display. Active hemorrhage was ruled out on the tablet computer in 29 exams and on the dedicated reading display in 28 exams. Usage of the tablet computer led to two false positive and three false negative diagnoses. This yielded A vessel stump was present in three exams and was detected with a sensitivity of 1.00 (CI 0.31-1.00), a specificity of 1.00 (CI 0.95-1.00), a PPV of 1.00 (CI 0.31-1.00), and an NPV of 1.00 (CI 0.95-1.00). Free intra-abdominal fluid with a mean Hounsfield unit value >20 was present in 36 exams and was detected with a sensitivity of 1.00 (CI 0.88-1.00), a specificity of 1.00 (CI 0.93-1.00), a PPV of 1.00 (CI 0.88-1.00), and an NPV of 1.00 (CI 0.93-1.00). Asymmetric muscle volume (indicating intramuscular hemorrhage) was present in 29 exams and was detected with a sensitivity of 1.00 (CI 0.85-1.00), a specificity of 1.00 (CI 0.94-1.00), a PPV of 1.00 (CI 0.85-1.00), and an NPV of 1.00 (CI 0.94-1.00). Results are shown in Table 2 .
Discussion
The diagnostic performance of biphasic CT scans displayed on a tablet computer was convincing for the detection of active abdominopelvic hemorrhage and different signs indicating a condition after hemorrhage. Active abdominopelvic hemorrhage was diagnosed with a sensitivity of 0.96, a specificity of 0.93, a PPV of 0.97, and an NPV of 0.90, and results for detection of the signs indicating a condition after hemorrhage range from 0.83 to 1.00 in the case of sensitivity, from 0.95 to 1.00 in the case of specificity, from 0.94 to 1.00 in the case of the PPV, and from 0.96 to 1.00 in the case of the NPV. Therefore, we assume that reading dedicated CT scans with the question of abdominopelvic hemorrhage can be performed on a tablet computer for teleconsultation purposes.
The use of a tablet computer in emergency radiology has been described previously for different scenarios [4] [5] [6] . Intracranial hemorrhage, cerebral infarction, and pulmonary embolism could be detected reliably. Spinal emergency cases have been evaluated as well. All studies show that a tablet computer is a reliable tool in setting up the appropriate diagnoses in emergency cases. 3280×2048 pixels at 127.32 pixels per inch (ppi) 2048×1536 pixels at 264 pixels per inch (ppi) Fig. 1 Study procedure. One hundred biphasic CT exams of 100 patients were randomly divided in two groups. During the first reading session, 50 CT exams (patient group 1) were read on the dedicated reading display and 50 CT exams (patient group 2) were read on the tablet computer. During the second reading session (14 days later), the same two patient groups were read on the other device
The reasons for abdominopelvic hemorrhage are manifold. Various guidelines are dealing with the issue of the adequate diagnostic procedure [7] [8] [9] [10] . Commonly, a prompt and accurate diagnosis is necessary to quickly initiate therapy and to avoid life-threatening complications [11] . CT angiography has proven to play an important role for diagnosis [12, 13] .
A contrast media extravasation represents an active hemorrhage out of a vessel or organ and might be Confidence intervals are shown in brackets treatable through transcatheter arterial embolization [14] [15] [16] [17] . Signs of a condition after hemorrhage need to be detected reliably because of the risk of recurrence. In this case, patients will be monitored closely. Especially after hours, mobile on-call diagnoses may be helpful and time-saving. Teleconsultation has already proven to play its role in emergency radiology. In particular, tablet computers seem to be a suitable option as they are mobile and their display quality is comparable to dedicated reading displays [18] . For standardization, reading was performed in a dedicated reading room with ambient light conditions, and the display brightness of the tablet computer was set to 100 %. Previous studies mainly focused on emergency conditions and showed the positive use in brain and spine imaging as well as in pulmonary CT angiography for patients with suspected embolism [8, 9, [19] [20] [21] . To our knowledge, this is the first study that investigates abdominopelvic imaging with the question of abdominopelvic hemorrhage. Our results suggest that active hemorrhage as well as a condition after hemorrhage can be diagnosed with a high diagnostic accuracy. Our study faces some limitations that need to be mentioned.
We are aware that angiography and endoscopic procedures are considered to be the gold standard for diagnosing active abdominopelvic hemorrhage. However, an active hemorrhage found on a CT exam may have terminated before an angiography or an endoscopic procedure is performed. Because of this circumstance, and since the main focus of this study was to investigate whether reading the same CT exam on a dedicated reading display and on a tablet computer leads to the same diagnosis, the reports made with a dedicated reading display were considered to be the reference standard and were compared to the diagnoses made with a tablet computer. Another limitation is that we did not compare different tablet computers regarding diagnostic performance.
Conclusions
As suggested by our data, abdominopelvic hemorrhage shown on CT images can be diagnosed on a tablet computer with a high diagnostic accuracy. This allows mobile on-call diagnoses which might be helpful because abdominopelvic hemorrhage is a potentially life-threatening situation and an early and reliable diagnosis at any time is crucial for an adequate treatment strategy.
